We present results on a systematic study of flux variability on hourly time-scales in a large sample of active galactic nuclei (AGN) in the 3−79 keV band using data from Nuclear Spectroscopic Telescope Array. Our sample consists of 4 BL Lac objects (BL Lacs), 3 flat spectrum radio quasars (FSRQs) 24 Seyfert 1, 42 Seyfert 2 and 8 narrow line Seyfert 1 (NLSy1) galaxies. We find that in the 3−79 keV band, about 65% of the sources in our sample show significant variations on hourly time scales. Using MannWhitney U-test and Kolmogorov-Smirnov test, we find no difference in the variability behaviour between Seyfert 1 and 2 galaxies. The blazar sources (FSRQs and BL Lacs) in our sample, are more variable than Seyfert galaxies that include Seyfert 1 and Seyfert 2 in the soft (3−10 keV), hard (10−79 keV) and total (3−79 keV) bands. NLSy1 galaxies show the highest duty cycle of variability (87%), followed by BL Lacs (82%), Seyfert galaxies (56%) and FSRQs (23%). We obtained flux doubling/halving time in the hard X-ray band less than 10 min in 11 sources. The flux variations between the hard and soft bands in all the sources in our sample are consistent with zero lag.
INTRODUCTION
There is convincing evidence that accretion onto supermassive black holes powers active galactic nuclei (AGN; Rees 1984) . A vast majority of about 85% of them emit little or no radio emission, these AGN are termed radio-quiet AGN and a minority of about 15% called radio-loud AGN have large scale relativistic jets and emit copiously in the radio band. It is still not known what triggers relativistic jets in only a small fraction of AGN and thereby giving rise to the apparent radio-loud radio-quiet dichotomy (Ivezić et al. 2002; Cirasuolo et al. 2003) . Both radio-loud and radio-quiet AGN may be categorized into several sub-classes such as Seyfert galaxies (Seyfert 1 and 2), radio galaxies, blazars comprising flat spectrum radio quasars (FSRQs) and BL Lac objects (BL Lacs) etc., According to the unification model, the observed differences between the different types of AGN are in part due to orientation effects (Antonucci 1993; Urry & Padovani 1995) . One of the defining characteristics of AGN is that they show flux variations across the entire accessible electromagnetic spectrum (Wagner & Witzel 1995; Ulrich et al. 1997 ) over a wide range of timescales ranging from min-E-mail: priyanka@iiap.res.in utes to months and years. Though flux variations in AGN are known since their discovery, we still do not completely understand the physical processes that cause such variations (McHardy et al. 2006) . Also, it is not unambiguously known if the same physical processes are responsible for the observed flux variations in different types of AGN. In spite of our lack of a clear knowledge on the cause of flux variations, this characteristic of AGN when probed particularly in the X-ray band can give important constraints on the physical properties in the innermost regions of AGN and can even provide clues on the observed radio-loud and radio-quiet dichotomy (Gliozzi et al. 2002) .
Among the X-ray band, hard X-ray (with energies greater than 15 keV) variability in particular can provide clues about the physics of the central regions of AGN and kinematics of the jet as it is less affected by absorption than soft X-rays, when the line of sight hydrogen column density is less than 10 23 cm −2 (Soldi et al. 2014) . Hard X-rays can thus serve as an effective wavelength range to probe the intrinsic properties of the different classes of AGN. Therefore, the study of hard X-ray properties of the various types of AGN in general and hard X-ray flux variability in particular can be used to test the validity of the unification model of AGN (Ghisellini et al. 1994 ; Urry & Padovani 1995; Beckmann & Shrader 2012) . Various models are available in the literature on the physical processes that cause hard X-ray emission in AGN. According to Haardt & Maraschi (1993) , the hard X-ray emission in radio-quiet AGN is due to the Comptonization of the soft accretion disk photons by a plasma of hot electrons situated above the disk. In the case of radio-loud AGN, in addition to the process that produces hard X-ray emission in radio-quiet AGN, there are additional contributions through inverse Compton (IC) processes from relativistic electrons in the jet.
In any given X-ray band, the observed characteristics of different types of AGN depend on the physical processes that contribute to the observed spectral energy distribution (SED) in that band. In blazars, the broad band SED shows two broad emission peaks: the low energy peak is produced by synchrotron emission and the high energy peak is produced by IC emission process. The seed photons for IC can be from various sources such as the synchrotron photons themselves (Konigl 1981) , accretion disk (Dermer & Schlickeiser 1993; Boettcher et al. 1997) , the broad line region (BLR, Sikora et al. 1994; Ghisellini & Madau 1996) or the torus (Błażejowski et al. 2000) . These external photon fields contribute differently in individual blazars and this can explain the varied nature of the high energy component in the SED of blazars. Depending on the location of the synchrotron peak in their SEDs, blazars are further subdivided (Padovani & Giommi 1995; Abdo et al. 2010 ) into high synchroton peaked blazars (HSP, with synchrotron emission peaking at X-ray energies with νs > 10 15 Hz), intermediate synchrotron peaked blazars (ISP, 10 14 < νs < 10 15 Hz and low synchrotron peaked blazars (LSP, with synchrotron emission peaking in the IR; νs < 10 14 Hz). In HSPs, the Xray spectrum falls in the synchrotron region, thereby showing large amplitude X-ray variations at long as well as short time scales (Sembay et al. 1993; Tanihata et al. 2000; Zhang et al. 2002 Zhang et al. , 2005 , however, less variable in the optical (Heidt 1996) . On the other hand, LSPs are more variable in the optical (Heidt 1996) compared to the X-ray (Gupta et al. 2016) band which falls in the IC region of their SED. Nonetheless, it is not always the case and there are instances where the X-ray spectrum is found to have contribution both from the high energy tail of the synchrotron component and the IC component. This has been noticed in several LSP blazars (Tagliaferri et al. 2000; Tanihata et al. 2003; Wierzcholska & Wagner 2016 ) and in one HSP blazar (Kataoka & Stawarz 2016) namely Mrk 421.
Blazars are known to show fast variability. Detection of such fast variability time scales can set an upper limit on the size of the emission region as Rs < c δ tvar, via light travel time arguments. Here, δ is the Doppler factor, and tvar is the variability time scale. Such fast time scale of variations (in the order of minutes) characterised by the flux doubling/halving time scale are often seen in high energy γ-rays (Gaidos et al. 1996; Aharonian et al. 2007) . Also, in HSP blazars correlated X-ray and γ-ray variations are found (Aleksić et al. 2015; Baloković et al. 2016) which is very well expected in the one zone leptoinc model of blazar emission, wherein, both hard X-rays and γ-rays are produced by the same population of relativistic electrons in the jet. Detection of such short time scale X-ray flares with/without a high energy γ-ray counterpart will constrain the radiative processes operating in the sub-parsec scales of AGN. Detection of very small flux doubling/halving time scale is thus an important addition to the knowledge of AGN flux variability. Previous efforts to search for flux doubling/halving time scale < 15 minutes in the X-ray band were negative (Pryal et al. 2015) . Therefore, any evidences for the presence of minute scale flux doubling/halving time scale is more important.
In the soft X-ray band, with X-rays having energies < 10 keV, numerous results on the flux variability nature of AGN on time scales ranging from hours to months and years are available mainly based on observations from Rossi X-ray Timing Explorer (RXTE) and XMM-Newton (Nandra et al. 1997; Fiore et al. 1998; Turner et al. 1999; Uttley et al. 2002; Markowitz et al. 2003; Soldi et al. 2008; McHardy 2010) . On the other hand, studies on the hard X-ray variability of AGN are very limited. They include hard X-ray spectral variability based on observations from BeppoSAX (Petrucci et al. 2000) , INTEGRAL (Petrucci et al. 2013) and Suzaku (Reis et al. 2012) . Long term hard X-ray monitoring observations have been recently possible owing to the observations by the Burst Alert Telescope (BAT; Barthelmy et al. 2005 ) instrument on board the Swift satellite (Gehrels et al. 2004 ). Because of Swift/BAT's observing capability in survey mode and its large field of view of ∼1.4 sr, we have long term monitoring data on a large sample of bright AGN from BAT. Using this data set, AGN have been studied for long term variability on time scale of days to years (Gehrels et al. 2004; Caballero-Garcia et al. 2012; Soldi et al. 2014) . However, studies on the hard X-ray variations on time scales of the order of hours are available only on few individual objects such as Mrk 421 (Paliya et al. 2015) using the focusing hard X-ray telescope Nuclear Spectroscopic Telescope Array (NuSTAR; Harrison et al. 2013 ), sources such as BL Lac (Ravasio et al. 2003) , ON 231 (Tagliaferri et al. 2000) , Mrk 421 (Maraschi et al. 1999) , Mrk 501 (Pian et al. 1998) etc. from BeppoSAX as well as observations from RXTE (Fossati et al. 2008 ). These observations pertaining to sources in different brightness states indicate different variability behaviour between hard and soft bands, which point to different physical processes contributing to the soft and hard X-ray emission.
Observations using NuSTAR with its high sensitivity and wide spectral coverage between 3 − 79 keV is ideal to constrain the X-ray emission processes that contribute to the X-ray emission over a wide spectral range in AGN. We investigate here for the first time the hard X-ray flux variations on hourly time scales in the largest sample of AGN that includes both radio-loud and radio-quiet sources. The main motivation here is to understand (i) the similarities and differences in the flux variability nature of different types of AGN over a wide waveband of 3 − 79 keV, (ii) the differences if any between flux variations in soft and hard X-ray bands and (iii) the presence of fast variations with flux doubling/halving time scale of few minutes. For this we use the publicly available data from observations by NuSTAR. The structure of the paper is as follows. In section 2, we describe the sample used and data reduction. In Section 3 we describe the various analysis carried out on the data set. We discuss our results in Section 4 and summarize the results in Section 5. We adopt a cosmology with H0 = 71 km s −1 Mpc −1 , ΩΛ = 0.73 and Ωm = 0.27. 
SAMPLE AND DATA REDUCTION
The goal of this work is to find the hard X-ray flux variations in different types of AGN. For this we have used the data from NuSTAR. NuSTAR (Harrison et al. 2013 ) launched in June 2012, is the first focusing hard X-ray telescope. It has a field of view 13 x 13 . It consists of two co-aligned Xray detector pairs with corresponding focal plane modules FPMA and FPMB 1 . NuSTAR observations of all AGN that have become public before March 2015 have been used in this work. Our sample thus consists of 81 AGN, among these 4 are BL Lacs, 3 are FSRQs, 24 are Seyfert 1 galaxies, 42 are Seyfert 2 galaxies and 8 are narrow line Seyfert 1 (NLSy1) galaxies. The details of the sources used in this study are given in Table 1 . The distribution of redshifts and the 3−10 keV luminosity of the sources studied are shown in Figure 1 separately for radio-quiet sources and blazars.
Reduction of the NuSTAR data was done using the data analysis software NuSTARDAS v.1.4.1 distributed by the High Energy Astrophysics Archive Research Center (HEASARC). The calibrated, cleaned and screened event files were generated using the nupipeline task and using CALDB 20141107. A circular region of 60 radius was taken to extract the source and background counts on the same detector. We extracted the 5 min binned light curves in the energy range of 3−79 keV in each focal plane module FPMA and FPMB using the nuproducts package available in NuS-TARDAS. Further, these light curves were divided into two bands: 3−10 keV and 10−79 keV. To generate light curves, the count rates of the two modules FPMA and FPMB are combined using 'lcmath' task included in FTOOLS V.4.0. 
ANALYSIS

Variability Amplitude
To characterize the flux variations we used the fractional root mean square (rms) variability amplitude Fvar (Edelson et al. 2002; Vaughan et al. 2003) . This gives an estimate of the intrinsic variability amplitude relative to the mean count rate exceeding the measurement noise in the light curves. Fvar is defined as
where S 2 is the sample variance,x is the arithmetic mean of xi andσ 2 err represents the mean square error, given by
The uncertainty in Fvar is given by
2 err
Fvar and err(Fvar) were calculated for each binned light curve. Variability analysis of the sample was carried out in soft (3−10 keV), hard (10−79 keV) and total (3−79 keV) bands. An object is considered variable if Fvar (significant at 1 σ) is greater than zero. Calculated values of Fvar for sources that are found to be variable are given in Tables 2,  3 , 4, 5 and 6 for BL Lacs, FSRQs, Seyfert 1 galaxies, Seyfert 2 galaxies and NLSy1 galaxies respectively. About 65% of the sources in our sample are found to be variable. The number of BL Lacs, FSRQs and NLSy1 galaxies studied here is small (compared to Seyfert 1 and 2 galaxies) to consider the variability shown by these objects as a representation of their class as a whole. Nevertheless, we calculated the weighted mean variability of the different classes of AGN in different X-ray bands namely soft, hard and total bands and the results are presented in Table 7 . In the total NuSTAR band we find an average Fvar of 0.310 ± 0.138 and 0.078 ± 0.028 for BL Lacs and FSRQs respectively. In the radio-quiet category, the average Fvar values for Seyfert 1 and Seyfert 2 galaxies are 0.092 ± 0.061 and 0.149 ± 0.108 respectively. The histogram and cumulative distribution of Fvar in the total band for different classes of AGN are shown in Figure 3 .
To check for the robustness of the differences in the weighted mean Fvar values of different classes of AGN, we carried out two non-parametric statistical tests, namely the Mann-Whitney U test (hereafter referred to as the U test) and the Kolmogorov-Smirnov test (hereafter referred to as the KS test). The U-test is based on the rank of observations rather than the observations themselves. It allows two groups or conditions to be compared without making the assumption that the values are normally distributed. The null hypothesis that is tested in U-test is that the distribution of Fvar values of any two classes of AGN (or between different energy bands in a particular class of AGN) that is compared is identical. The null hypothesis is rejected (at a particular level of confidence) if the U-statistics is less than the critical U-value (Ucrit). The KS test similar to the U-test is also a non-parametric test that can determine if two data sets differ significantly. In this statistics the cumulative distribution of the two data sets that is to be tested are plotted and KS test uses the maximum vertical deviation between the two curves to give the statistics D. The null hypothesis here is that the two data sets that are compared are from the same distribution. This null hypothesis is rejected if D is greater than the critical D value (Dcrit). The critical values Ucrit and Dcrit are evaluated at the 5% confidence level. In Table 8 we give the results of the two test statistics along with their corresponding P values for the various comparisons that are studied for the different classes of AGN. From Table 8 it is evident that both U and KS tests reject the null hypothesis of any differences in the variability properties between FSRQs-BL Lacs and Sy1-Sy2 galaxies in soft, hard and total energy bands. However, comparing Seyfert galaxies (including Seyfert 1 and 2) and blazars (that include FSRQs and BL Lacs), statistical tests clearly indicate that the blazar sources in our sample are more variable than Seyfert galaxies, in all the three energy bands investigated here, namely soft, hard and the full NuSTAR band.
Flux variations between soft and hard bands
To compare the relation between flux variations in the soft (3−10 keV) and hard (10−79 keV) X-ray bands, Fvar was evaluated for the variable sources in the soft and hard bands. In general, for the different types of AGN studied in this work, the derived values of Fvar do not show an one to one correspondence between the two energy bands as evident from Figure 4 . In the case of BL Lac objects, we have a total of 30 sets of observations on 3 objects. Considering these observations in total, we find that for 90% of the observations, the amplitude of variations in the hard band is larger than the variations in the soft band. The weighted mean Fvar for BL Lac objects in the hard and soft bands are 0.338 ± 0.140 and 0.342 ± 0.177 respectively. Statistical analysis by both U and KS tests provides no evidence to suggest the variability pattern between soft and hard bands in BL Lacs are different. FSRQs too show similar amplitude of variations within the errors between hard and soft bands and have weighted mean Fvar of 0.082 ± 0.033 and 0.083 ± 0.044 in hard and soft bands respectively. Among the 28 sets of observations on 17 Seyfert 1 galaxies, in about 36% of observations the amplitude of flux variations in the hard band are larger than those in the soft band. Similarly, in Seyfert 2 galaxies in 13/36 sets of observations, the hard band shows a higher variability amplitude compared to the soft band. However, based on statistical analysis (Table 8 ) we find no difference in the variability characteristics between soft and hard bands in Seyfert 1 and 2 galaxies. For NLSy1 galaxies, we have 14 sets of observations on 7 objects. Considering all the 7 objects together, both U and KS tests show that there is no significant difference in the Fvar values between soft and hard bands. Of these, we find that in 3 sets of observations (∼ 20%) the variability amplitude is larger in the hard band than in the soft band pertaining to the sources 1H0323+342, MCG +04−22−042 and PDS 456.
Flux variability time scale
Knowledge of the time scales on which the X-ray flux varies is very important as it can put constraints on the size of the emission region. For sources that have shown flux variations, we scan their light curves in the energy range 3−10 keV and 10−79 keV to find the time scale of flux variations. For this we calculated the flux doubling time/halving time defined as
here, τ is the characteristic flux doubling/halving time scale and F (t0) and F (t) are values of the fluxes at time t0 and t respectively. This time scale is evaluated by imposing the condition that the difference between the fluxes at times t0 and t is greater than 3σ (Foschini et al. 2011) . The best fit values obtained on fitting Equation 5 to the data are given in Table 9 . The quoted uncertainties in τ are the 1 σ errors. A total of 11 sources are found to have flux dou- bling/halving time scale less than 10 min. Such behaviour is not restricted to one AGN type and is seen in all types of AGN. Among the Seyfert 2 galaxies NGC 1365 has shown flux doubling/halving time less than 10 min in all three epochs it has been observed.
Time delay between flux variations in hard and soft bands
To quantify the degree of correlation between flux variations in soft and hard bands we used a model based approach using the code JAVELIN 2 , a Python based implementation of SPEAR (Stochastic Process Estimation for AGN Reverberation; Zu et al. 2011 Zu et al. , 2013 . JAVELIN has been designed to improve lag measurements between continuum and line variations in AGN by modelling the light curves using a damped random walk process (DRWP; Kelly et al. 2009; MacLeod et al. 2010) . It then compares the simulated light curves with the observed ones to find the lag and this has been found to work well (Pancoast et al. 2014 ). We applied the JAVELIN method to all the sources in our sample. For all the sources the variations between soft and hard bands are consistent with zero lag. Several studies do exist in the literature on time lags between flux variations in different X-ray 2 http://www.astronomy.ohio-state.edu/ yingzu/codes.html bands. For blazars in general using data in the 0.3− 10 keV band, soft lags (lower energy variations lagging the higher energy variations), hard lags (higher energy variations lag- ging the lower energy variation) and zero lags have been observed (Brinkmann et al. 2003; Falcone et al. 2004; Ravasio et al. 2004; Zhang et al. 2006; Abeysekara et al. 2017 ). This indicates the complex spectral and temporal characteristics of blazars that show different behaviour at different times. Observations of few Seyfert galaxies in the hard Xray band by SWIFT/BAT in 2 days binned light curve did not show any delay between 20−50 and 50−100 keV bands (Caballero-Garcia et al. 2012 ).
Duty cycle of flux variations
To characterize the incidence of observability of X-ray variations in different classes of AGN, we have calculated the duty cycle of X-ray flux variations using the definition of Romero et al. (1999) . Since only about 65% of the sources in our sample has shown variations exceeding the measurement noise characterised by Fvar, duty cycles are estimated not as a fraction of the variable objects within a given class, but as the ratio of the time over which the objects of a given class are found to vary to the total time of observations carried out on each objects in the class. An approach of this kind will take into account the fact that all AGN do not show variations at all times. Also, as the duration of observation is not the same for all the objects, the contribution to the duty cycle has been weighted by the number of times, as well as the duration each source was observed. Duty cycle is defined as
Here, ∆ti = ∆t0(1 + z) −1 , is the duration corrected for cosmological redshift of the source observed and Ni equals 1 if the object is variable during the period of observations ∆ti and 0 otherwise. We find NLSy1 galaxies show the highest DC of 87.14% followed by BL Lacs (82.44 %), Seyfert galaxies (Seyfert 1 and 2 galaxies show similar DC of variability of 55.87 % and 56.47% respectively) and FSRQs (22.79%). Most of the BL Lacs belong to the HSP category of AGN and FSRQs are in general LSP sources. In the X-ray band, HSPs are known to be more variable in the X-ray band than LSPs, because, in the former the X-ray spectrum falls in the synchrotron region of the SED, while in the latter, it falls in the IC region. Therefore, the difference in the DC of variability between BL Las and FSRQs is due to the differences in the physical processes that contribute to the X-ray emission in the NuSTAR band in these two classes of AGN.
Spectral variations
The lack of one to one correspondence between the amplitude of flux variations in the soft and hard bands in some sources indicate that they show spectral variations. To further characterise spectral variations, we construct diagrams of hardness ratio (HR) plotted as a function of total flux in the 3−79 keV energy range. This is a model independent way to study spectral variations. HR is estimated using the following relation
where, F hard and F sof t refer to the fluxes in the 10−79 keV and the 3−10 keV respectively. For most of the sources we do not find a significant correlation between variations in HR and total flux. However, for some sources we do find a correlation. For those sources, the plot of HR as a function of the flux in the 3−79 keV band is shown in Figure 5 . To quantify the significance of the correlation, we fit the observed points in the HR v/s flux diagram using a linear function of the form HR = a × f lux 3−79keV + b. During the fit we take into account the errors both in HR and flux following Press et al. (1992) . The results of the fit are given in Table 10 and they are shown as solid lines in Figure 5 . Significant spectral variations are seen in the BL Lacs object Mrk 421, the FSRQ 3C 273, the Seyfert 1 galaxy NGC 5548 and the Seyfert 2 galaxy NGC 1365. For the BL Lac object Mrk 421 a significant harder when brighter trend is seen in 6 epochs of observations. However, for the FSRQ 3C 273, in the three epochs where a correlation between HR and total flux is found, on two epochs a harder when brighter trend is found, while, in one epoch a softer when brighter trend is noticed. Blazars in general are found to show a harder when brighter behaviour. Such hardening when brightening behaviour more often seen in the HSP category (Giommi et al. 1990; Pian et al. 1998 ) among other things could be due to the shift of their broad band SEDs to higher energies (Brinkmann et al. 2003) . The behaviour seen in Mrk 421 here is observed before as well (Takahashi et al. 1996) . In the radio-quiet category, two Seyfert galaxies, namely NGC 5548 and NGC 1365 showed spectral variations with their spectra becoming softer with increasing brightness. This trend is also known in other Seyfert galaxies based on observations from RXTE (Sobolewska & Papadakis 2009 ), Swift/XRT (Connolly et al. 2016) and Swift/BAT (Caballero-Garcia et al. 2012) , which is expected in various models (Haardt et al. 1997; Turner & Miller 2009 ). We conclude that among the sample of sources studied here, only some sources do show spectral variations. The hard X-ray band in Mrk 421 is primarily dominated by the non-thermal continuum (not necessarily true for the Seyfert galaxies NGC 5548 and NGC 1365), while in the soft X-ray band there can be contribution from different processes such as power law continuum, soft excess, neutral absorption and absorption features from warm absorbers. Thus, the harder when brighter trend seen in Mrk 421 is most likely due to changes in the power law component in the relativistic jets of these sources. No 0.051 * Considering all NlSy1 galaxies that include radio-quiet and radio-loud sources. †Considering only radio-quiet NlSy1 galaxies, that include NGC 4051, IGR J14552−5113, MCG +05−40−026 and IGR J21277+5656.
DISCUSSION
X-ray flux variations in AGN can be described by a wide variety of physical processes. In the radio-quiet category of objects hard X-rays can be produced by the Comptonization of soft disk photons in the hot plasma above the accretion disk (Haardt & Maraschi 1993) , whereas, in the radio-loud category of AGN, hard X-rays are dominated by inverse Compton scattering of synchrotron photons by relativistic electrons in the jet via Synchrotron Self Compton process and synchrotron radiation. Given the various methods of the production of hard X-rays in AGN, there can be different causes for X-ray flux variations. In this section we discuss the results of our variability analysis, the potential causes of such variations, the nature of X-ray variations as well as their relation to various physical properties of the sources.
Flux variability
From the results of our variability analysis on a large sample of AGN belonging to different categories, we find that a major fraction of 65% of the sources in our sample show flux variability. Radio-loud objects (blazars) show large amplitude flux variations relative to their radio-quiet counterparts (Seyfert galaxies) in all the three bands, namely soft, hard and total bands. Such large amplitude flux variations are expected if the X-ray emission in radio-loud sources are dominated by radiative processes in their relativistic jets. A total of 8 NLSy1 galaxies are in our sample. They are a separate class of AGN with soft X-ray excess (Boller et al. 1996) showing fast large amplitude X-ray flux variations (Pounds et al. 1995; Leighly 1999) and having FWHM of the Hβ line less than 2000 km s −1 (Osterbrock & Pogge 1985) . Some of the peculiar properties of these sources have been attributed to them having higher accretions rates compared to the conventional broad line Seyfert galaxies (Peterson et al. 2000) . Considering all the NLSy1 galaxies studied here as a whole, from statistical tests, no difference is found in the variability behaviour between soft and hard bands. However, three sources, namely 1H 0323+342, MCG+04−22−042 and PDS 456 show high Fvar values in the hard band relative to the soft band. MCG+04−22−042, 1H 0323+342 and PDS 456 are detected at 1.4 GHz with flux densities of 10 mJy, 614 mJy and 22 mJy respectively (Condon et al. 1998 ). As the above three NLSy1 galaxies are detected in the radio band and as they also show more amplitude of variability in the hard band relative to the soft X-ray band, it is likely that these three sources have a significant hard X-ray contribution from relativistic jets. Of them, 1H 0323+342 is a gamma-ray emitting NLSy 1 galaxy (Abdo et al. 2009 ), suggesting the presence of a relativistic jet in it similar to blazars. Removing these three sources, from the list of NLSy1 galaxies and classifying the remaining sources as radio-quiet NLSy1 galaxies, we find from U test, that in radio-quiet NLSy1 galaxies variations in soft band is more than the variations in hard band. However, KS test report of no difference in Fvar values between hard and soft bands. In the soft X-ray band our statistical tests indicate that radio-quiet NLSy1 galaxies are more variable than Seyfert 1 galaxies with broad optical emission lines similar to that reported by Leighly (1999) . However, from both U and KS test it is evident that there is no difference in the Fvar statistics in the hard X-ray band between radio-quiet NLSy1 galaxies and their broad line counterparts. This increased Fvar in the soft band in radio-quiet NLSy1 galaxies might be due to them having lower BH masses than broad line Seyfert galaxies in accordance to the negative correlation between Fvar and BH mass (see section 4.3). However, recently from spectro-polarimetric observations of one NLSy1 galaxy PKS 2004 −447, Baldi et al. (2016 suggested that the now exist- ing notion of NLSy1 galaxies having low BH masses need not be true and NLSy1 galaxies too have BH masses similar to blazars. If it is indeed the case, then the larger Fvar seen in NLSy1 galaxies compared to their broad line counterparts might be because of them having X-ray flux variations caused by physical processes other than Seyfert 1 galaxies. In radio-quiet objects, no statistically significant differences in flux variations between soft and hard bands is found both in Seyfert 1 and Seyfert 2 galaxies. Also, we find both Seyfert 1 and Seyfert 2 galaxies showing similar Fvar characteristics in all the three bands, namely, soft, hard and the full energy bands. Though these results pertain to variations on short time scales, from long term variability studies in the hard X-ray band, Seyfert 2 galaxies are found to be marginally more variable compared to Seyfert 1 galaxies (Beckmann et al. 2007; Soldi et al. 2014 ).
Spectral variability
To have an idea of the spectral variations of the sources relative to their brightness, correlation between HR and total flux has been studied. The HR is computed from light curves that cover a wide energy range. Therefore the disadvantage in using HR to characterize spectral variations is that they do not identify spectral components that are responsible for the observed variations measured over a band, however, they are the simplest one to study spectral variations in a model independent way. The majority of sources in our sample do not show any correlation between HR and flux variations. However, some sources do show correlations between flux and spectral variations. In the radio-loud category, objects such as Mrk 421 and 3C 273 (most of the time), showed a spectral hardening with increasing brightness level, i.e, a hardening when brightening trend is noticed. Among the radio-loud sources that showed a harder when brighter trend, Mrk 421 belong to the HSP type, where the harder when brighter trend is often seen (Giommi et al. 1990; Pian et al. 1998; Baloković et al. 2016 ). In the FSRQ 3C 273 (most of the FSRQs are LSP blazars), we find both harder when brighter and softer when brighter trend. We do not as yet have an unambiguous knowledge of the physical parameters that cause spectral variations. However, the harder when brighter trend seen in the sources studied here, namely, Mrk 421 and 3C 273 might be due to the emergence of a hard X-ray tail produced in the relativistic jets in the high brightness states in these objects. Though the overall X-ray spectrum of HSP blazars is dominated by the high energy tail of synchrotron emission (contrary to LSP blazars which is dominated by IC emission) it has recently been noticed that in the HSP blazar Mrk 421, during in its low brightness state, excess emission is noticed above 20 keV which is attributed to the emergence of the IC emission (Kataoka & Stawarz 2016) . This clearly indicates that phenomena of flux and spectral variability in Mrk 421 and other blazars is complex. To identify the nature of the hard X-ray emission in our sample of radio-loud vis-a-vis radio-quiet sources, we generate the NuSTATR hard X-ray spectra and fit them with a simple power law model. The results of this spectral fitting for a BL Lac Mrk 421 and a Seyfert galaxy PKS 1409−651 is shown in Figure 6 . From the figure it is clear that the hard X-ray emission in Mrk 421 (and other blazars) is likely dominated either by jet synchrotron or in- verse Compton processes or a combination of both assuming a leptonic jet model. For Seyfert galaxies, power law model is not a good fit to the spectra, thus indicating the hard Xray emission as due to thermal Comptonization processes. The hardening when brightening trend noticed here in the radio-loud objects Mrk 421 and 3C 273 has been reported earlier (Malizia et al. 2000; Gliozzi et al. 2007 Gliozzi et al. , 2008 . For two Seyfert galaxies, namely NGC 5548 and NGC 3516 a softening when brightening trend is noticed. Such softening when brightening trend is known for other Seyferts at low energies below 1 keV (Sobolewska & Papadakis 2009 ) as well as at energies above 2 keV (Soldi et al. 2014 ).
Fvar v/s black hole mass
We show in Figure 7 the relation between Fvar in the 3−79 keV energy range and black hole (BH) mass. The BH masses are collected from the online BH mass data base at the Georgia State University 3 , which is a compilation of BH masses determined from spectroscopic monitoring observations (Bentz & Katz 2015) . Of the 81 objects in our sample, BH masses are available for only 50 objects. Among those 50 objects, only 37 objects are found to be variable and they are thus used to study the correlation if any between Fvar and BH mass. Figure 7 indicates that there is an anti correlation between Fvar and BH mass. Both Spearmann rank correlation and Kendalls τ tests on the data indicate that the anti correlation is significant with > 99.9 percent. Using a simple linear least squares fit to the data by including the error in Fvar we find Fvar = −(0.047 ± 0.009) × log MBH + (0.457 ± 0.072) (8) Therefore, there is in general a trend for high mass objects to be less variable though there is a large scatter in the Fvar v/s MBH diagram. Studies of X-ray variations in the soft X-ray band on a large number of sources do show a negative correlation between Fvar and BH mass similar to the one observed here (Papadakis & McHardy 1995; O'Neill et al. 2005; Ponti et al. 2012 ). The relation between Fvar and the luminosity of the source in the energy range 3−10 keV is shown in Figure 7 . To determine the flux, we have fitted power law to the observed spectra for all the sources with fixed galactic column density nH = 1.63 × 10 20 cm −2 . This was then used to calculate the luminosity in the 3 − 10 keV range. From the figure there is a hint that low luminosity objects are more variable than their high luminosity counterparts.
Short time scale variability
Short time scales of flux variations in AGN taken as the flux doubling/halving time scale in this work are more often seen at high energies in the γ-ray band, for example, 4 min in PKS 2155−304 (Aharonian et al. 2007 ) and < 15 min in Mrk 421 (Gaidos et al. 1996 ) and 14 min in Mrk 421 in the NuS-TAR band (Paliya et al. 2015) . A recent systematic search for flux doubling/halving time scale less than 15 minutes in the soft X-ray (0.2−10 keV) band, from Swift/XRT observation of blazars by Pryal et al. (2015) has yielded a negative result. Observations of short time scale flux variations in the high energy band of the electromagnetic spectrum is very important, as this can set an upper limit on the size of the emitting region (Rs) via the relation Rs < δcτvar/(1+z) and consequently, can help in constraining the emission processes. Here, τvar is the time scale of variability, z is the redshift of the source and δ is the Doppler factor. Doppler factor is defined as δ −1 = γ(1 − β cos θ), where, γ is the Lorentz factor of the jet, β = v/c is the ratio of the jet speed to the speed of light in vacuum and θ is the viewing angle, the angle between the jet and the observers line of sight. In this work, by characterising the variability time scale by either the flux doubling/halving timescale we found the shortest flux doubling/halving time scale of 1.86 ± 1.02 min for the Seyfert 2 galaxy NGC 1052. Using this observed τvar we find Rs < 3.3 × 10 13 (δ/10) cm. Such short time scales of variations are also seen in few radio-loud sources. In our sample, we were able to derive flux doubling/halving time scale for 16 sources, of which 11 sources have time scales less than 10 min. Thus, this is the first report of the detection of statistically significant hard X-ray flux variability in a large number of AGN with flux doubling/halving time scale less than 10 minutes. The only other report of short time scale flux doubling/halving variability in the hard X-ray band available in the literature is for the source Mrk 421 (Paliya et al. 2015) . On analysis of the blazar light curves for which we were able to derive flux doubling time scales, we found that the flares are asymmetric in nature showing a quick rise and slow decay. This might be due to the difference between the particle acceleration and synchrotron cooling time scales.
SUMMARY
In this work we have examined 176 observations of AGN from NuSTAR to search for hard X-ray flux variations in them, characterize their variability and to see how the flux variations are related to other AGN properties. Key findings of this work are summarized below (i) A total of 81 sources (3 FSRQs, 4 BL Lac objects, 24 Seyfert 1 galaxies, 42 Seyfert 2 galaxies and 8 NLSy1 galaxies) over 176 sets of observations are studied for hard X-ray flux variability on hour time scales. We find evidence of X-ray flux variations in about 65% of the sources in our sample.
(ii) NLSy1 galaxies are found to show the highest DC of variability of about 87% followed by BL Lac objects that show a DC of 82%. Both Seyfert 1 and 2 galaxies show similar DC of about 56%. The lowest DC of variations of about 23% is shown by FSRQs.
(iii) In the 3 − 79 keV band, BL Lacs have a weighted mean Fvar of 0.310 ± 0.138, while FSRQs have a weighted mean Fvar of 0.078 ± 0.028. In the radio-quiet category, Seyfert 2 galaxies have a higher weighted mean Fvar of 0.149 ± 0.108 relative to Seyfert 1 galaxies that have a weighted mean Fvar of 0.092 ± 0.061. Both U and KS test reject the null hypothesis of differences in variability between FSRQs and BL Lac as well as Sy1 and Sy2 galaxies. In the soft X-ray band, radio-quiet NLSy1 galaxies are more variable than their broad line counterparts. Although, the BL Lacs and FSRQs examined here are more variable than the NLSy1 galaxies in the hard band, statistically in the soft bands their variations are indistinguishable.
(iv) Majority of the sources do not show any correlation between HR and count rate in the 3−79 keV energy range suggesting no spectral variability. However, a small fraction of sources show significant correlation between HR and count rate in the 3−79 keV energy range. The BL Lac object Mrk 421 showed a hardening when brightening trend and the FSRQ 3C 273 showed both hardening and softening when brightening behaviour. Among the three epochs of observations, for which 3C 273 has shown variability, in two epochs a hardening when brightening trend is observed, while in one epoch a softening when brightening trend is noticed. In the radio-quiet category, two Seyfert galaxies namely, NGC 5548 and NGC 3516 showed a softening when brightening behaviour. This is opposite to that shown by the BL Lac source Mrk 421.
(v) Sources hosted by massive BHs are less variable on hour time scale than their less massive counterparts. Also, Fvar values show a hint for a negative correlation with luminosity of the sources in the 3−10 keV band.
(vi) We are able to estimate flux doubling/halving time scale for a total of 16 sources in our sample, of which 11 sources show flux doubling/halving time less than 10 minutes.
We caution on the small number of BL Lacs, FSRQs and NLSy1 galaxies used in this work. Future observations of a large number of BL Lacs, FSRQs and NLSy1 galaxies are indeed needed to confirm the findings reported here.
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